In this paper, we present a failure model for WiMAX network developed by considering the collision due to contention, unavailability of bandwidth and channel error assuming them as independent events. Using this model, the performance of bandwidth request based on contention resolution with exponential increase and exponential decrease (EIED) backoff is investigated and observed low contention efficiency with high access delay. Hence, we modify the EIED mechanism by computing the backoff factor with average contention window and estimating the response time from the transmission failure. Simulations validate the developed model with modified EIED backoff and shows better performance than conventional scheme.
Introduction
Worldwide interoperability for microwave access (Wi-MAX) defined by IEEE 802.16 [1] enables the delivery of high data rates that can satisfy user requirements. However, efficient system design in resource allocation for best effort services is necessary to achieve the desired performance. The resource allocations in WiMAX are done frame by frame and depend on the classes of service of the user. The two main operations carried out by the subscriber station (SS) during resource allocation are ranging and bandwidth request.
The types of bandwidth request mechanism specified in 802.16 standards are polling (contention free access) and contention resolution. Although multiple physical layers are specified in WiMAX standard [1] , orthogonal frequency division multiplexing (OFDM) air interface with time division duplexing (TDD) based system design is considered with time division multiple access (TDMA) in uplink subframe and time division multiplexing (TDM) in downlink subframe. The ranging and bandwidth request slots used for contention resolution is found in the uplink subframe.
During uplink channel access, the SS executes contention resolution based bandwidth request for best effort services. In contention access, the SS contends for transmission opportunity (TxOP) to execute bandwidth request. If the SS is successful in obtaining the TxOP, then it proceeds in transmitting the bandwidth request. If unsuccessful, it executes contention resolution with backoff mechanism.
The rest of the paper is organized as follows: Related works on bandwidth request mechanism in WiMAX network is presented in Section 2. The developed analytical model is explained in Section 3. Simulation results are shown in Section 4 and concluding remarks is given in Section 5.
Related Works
In literature, there are excellent discussions on the issues on contention resolution mechanism and its performance for wireless systems. In this section, we review the work related to WiMAX systems. Authors in [2] made detailed discussions on the issues of truncated binary exponential backoff (TBEB) and its performance. Authors in [3] calculated the number of slots with TBEB until the end of current contention period. Authors in [4] suggested exponential increase and exponential decrease (EIED) contention resolution mechanism in WiMAX networks for initial ranging (IR). Authors in [5] proposed bandwidth allocation to support heterogeneous traffic with different quality of service (QoS) requirements in WiMAX networks. Authors in [6] analyzed an adaptive polling scheme for real-time gamming traffic in IEEE 802.16 (Wi-MAX) networks.
Several researchers [7] [8] [9] [10] carried out contention resolution with TBEB. To the best of our knowledge in Wi-MAX network, no work has been carried out with EIED backoff for bandwidth request. In addition, the literatures The existing failure models in [2] and [3] account for collision with either unavailability of bandwidth or channel error. Thus, there is no failure model in literature for WiMAX network that completely accounts all possible transmission failures. Hence, we develop a failure model by including these three events that cause the transmission failure. In addition, we propose modified EIED mechanism for bandwidth request to improve the contention efficiency and reduce the access delay for the developed failure model.
Contention Resolution with Unified
Failure Model
Proposed Unified Failure Model
The probability of failure of the WiMAX system can be characterized by three possible events namely: collisions due to contention, unavailability of bandwidth and channel error. Let, p f denotes the probability of failure due to above said three possible events and is given by: 
where p e denotes the probability of error due to channel, p c denotes the probability of collision due to contention, q denotes the probability of base station (BS) to accept a bandwidth request and denotes response time or waiting time. 
Let and
where p u denotes probability of unavailability of bandwidth and p ce denotes probability due to collision and channel error. Then the p f becomes;
The failure model in (3) is derived by assuming the three events as independent to each other. The performance of conventional backoff mechanisms with this unified failure model degrade in terms of contention efficiency and access delay. Hence, to improve the performance we aim to compute the backoff factor (such as to reduce collision) and response time (such as to reduce waiting time) by accounting the proposed failure model.
Calculation of δ I and δ D as a Function of W
The main challenge in designing the backoff mechanism is to avoid overlapping of backoff counter among SSs that result in transmission failure due to collision. Since the probability of failure, in this paper, is derived with three possible events, the backoff mechanism in contention resolution has to consider all these events. Hence, we consider EIED backoff mechanism with varying backoff factor (to avoid overlapping of backoff counter) to minimize the effect of transmission failure. The idea behind conventional EIED backoff is that on collision, each SS exponentially increase its contention window with increment backoff factor and on success, the SS decrement its contention window with decrement backoff factor.
Further, the requirement for enhanced backoff mechanism in WiMAX network is due to type of accessing mechanism. Unlike wireless local area network (WLAN), the SS in WiMAX does not use carrier sense multiple access over collision avoidance (CSMA/CA) before transmitting a request. In WLAN network, the backoff counter is decremented as long as the medium is sensed idle and frozen when the medium is sensed busy. In WiMAX network, the backoff mechanism is carried without carrier sensing. Hence, the backoff counter is decremented without accounting the status of the channel or number of stations in the network. This increases the chance of overlapping of backoff counter among the stations that leads to high probability of collision with TBEB and EIED with constant backoff factor.
The increment backoff factor (δ I ) and decrement backoff factor (δ D ) in conventional EIED depend on the minimum contention window size (CW min ), maximum contention window size (CW max ), integers M and n. The The need for average contention window is twofold. Smaller size of contention window results in greater collision among SSs whereas larger window value results in longer waiting time. Secondly, compared to TBEB, in EIED backoff, the SS can control the backoff value either on collision or on success. The need for such complex backoff is to avoid overlapping of backoff counter.
However, in the case of conventional EIED with constant backoff factor the backoff mechanism converges to TBEB. Hence, an attempt is made to compute the backoff factor based on individual SSs transmission failure.
In this paper, we compute them with average contention window. The value of W is computed from the estimation of contention window size with maximum backoff stage "m". Since the contention is performed with EIED, the W is derived as follows,
The with EIED is given by,
where  corresponds to initial backoff factor and W is the size of current contention window. Further, the probability of events can be stated as probability of the corresponding values of contention window. Hence, is formulated as follows,
where p is the probability of transmission. Substituting (5) and (6) in (4), the W is given by,
Representing the probability of transmission (p) in terms of probability of failure (p f ) and solving further, the average contention window with EIED is derived as follows,
where δ and W correspond to initial backoff factor and initial contention window size, respectively. By substituting W in δ I and δ D , the backoff factors, finally, take the expression,
The need for such backoff mechanism with dynamic backoff factor in WiMAX network is to introduce fairness among SSs while contending for bandwidth request.
Estimation of Response Time
Another main challenge in contention resolution mechanism is that there is no guarantee for the SS to acquire its TxOP with fixed response time (T r ). Hence, it increases the access delay. The response time is the time over which the SS waits for response from base station after executing the bandwidth request. The response time in conventional systems is constant and it depends on the frame duration. This motivated us to estimate the response time through the developed transmission failure model. The geometric probability distribution is considered in the proposed system [11] . Therefore, the average value of contention window is given by the expected value of random variable. Thus, the probability of transmission (p) with average contention window becomes, 2 p W  and is given by,
The response time can be expressed in terms of p f , p c , q and number of contending stations (N c ). Since the events causing the transmission failure are assumed as independent, the T r from (2) can be expressed as follows:
Model Validation and Performance Evaluation
In this section, the developed failure model and the contention based bandwidth request mechanism with EIED backoff for WiMAX network are validated through Matlab simulations. The following data are considered for this simulation. The duration of frame is 5 ms, the number of contention slots within a physical frame for bandwidth request is 16, minimum contention window is 8, initial value of waiting time (response time) set by the BS is 5 and maximum number of backoff stage is 6. Also, the MAC parameters are configured in accordance with the standard given in [1] . The system performance is evaluated in terms of contention efficiency and access delay by varying the contending stations for different values of q, namely 0.25, and 0.60. In addition, all simulations are carried out considering error prone channel for the system with 30% and 50% error rates. Figure 1 shows the contention efficiency of bandwidth request mechanism with 30% error rate. The contention efficiency increases with increase in number of stations and attains saturation. The contention efficiency at this saturation region lies between 24.5% and 28% for modified EIED backoff, whereas it lies between 22.4% and 26.6% for conventional EIED backoff.
A backoff mechanism can be efficient if it performs well with less bandwidth availability. With more bandwidth, the failure due to unavailability of bandwidth and collision due to transmission over the same TxOP is less significant. It is also witnessed from the graph that the proposed EIED backoff (with estimated response time and backoff factor) performs well when q equals to 0.25. The proposed method imparts an improvement of 9.94% than conventional EIED.
With increase in the value of q, the major contribution to transmission failure is channel error. Thus, an im- provement of 2.39% is observed when q equals to 0.60. Simulations carried out with 50% error rate are also shown in Figure 2 , in which, contention efficiency lies between 18.5% and 22.7% for modified EIED backoff, whereas it lies between 17.5% and 21.6% for conventional EIED backoff. An improvement in contention efficiency of 4.34% and 6.14% for the q value of 0.60 and 0.25 respectively, is also noticed.
The access delay of contention based bandwidth request with 30% error rate is shown in Figure 3 . It increases with increase in the number of stations. The conventional backoff experiences high access delay due to longer waiting time (due to fixed response time) and constant backoff factor. The choice of q while computing contention efficiency holds well in the case of access delay. The access delay of the system with conventional EIED is 5.2660 ms and 6.4551 ms for the q value of 0.60 and 0.25 respectively, when number of stations equals to 50. The delay is reduced to 5.1344 ms and 5.8717 ms with modified EIED. The proposed system shows an In this paper, we presented the developed unified failure model for WiMAX network and studied the performance with contention based bandwidth request mechanism for best effort services. Simulations show that the contention resolution with modified EIED backoff performs better than conventional scheme in terms of contention efficiency and access delay under varying error rates. The failure model presented, here, can be extended to design efficient polling mechanisms for real-time services in emerging WiMAX network.
